Searching PAJ 



1/2 s<— v 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2002-21 3228 

(43)Date of publication of application : 31.07.2002 



(51)lnt.CI. 



F01N 3/02 
B01D 53/56 
B01D 53/74 
B01D 53/94 
B01J 19/08 



F01N 
F01N 
G21F 
// H05H 



3/08 
3/24 
9/02 
1/46 



(21 Application number : 2001-012180 
(22)Date of filing : 1 9.01 .2001 



(71 Applicant : DENSO CORP 
(72)lnventor : ARAKAWA MIYAO 



(54) EXHAUST EMISSION CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an exhaust 
emission control device for an internal combustion 
engine formed that the discharge part and the duct 
collection part 7 of the exhaust emission control device 
are separately situated to stabilize discharge at the 
discharge part and the control efficiency of exhaust gas 
can be improved. 

SOLUTION: The discharge part 30 and a dust collection 
part 70 are situated separately into the upper stream 
side and the downstream side of a flow passage 6, a 
distance between electrodes 3 can be arbitrarily set to 
stabilize discharge. The dust collection part 70 consists 
of a conductive material 7 having a plurality of gap-form 
spaces through which exhaust gas passes and is fixed at 
an earth electric potential. By electrifying PM by the 
discharge part 30, PM is attracted to the surface of the 
conductive material 7 for trapping. In purification of a 
gaseous pollutant (NOx), in the discharge part 30 and 
the dust collection part 70 carrying a catalyst, radical 

and active gas generated from the discharge part 30 are brought into contact with exhaust gas 
for purification. 
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(54) EXHAUST EMISSION CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an exhaust emission 
control device for an internal combustion engine formed that 
the discharge part and the duct collection part 7 of the 
exhaust emission control device are separately situated to 
stabilize discharge at the discharge part and the control 
efficiency of exhaust gas can be improved. 
SOLUTION: The discharge part 30 and a dust collection part 
70 are situated separately into the upper stream side and the 
downstream side of a flow passage 6, a distance between 
electrodes 3 can be arbitrarily set to stabilize discharge. The 
dust collection part 70 consists of a conductive material 7 
having a plurality of gap-form spaces through which exhaust 
gas passes and is fixed at an earth electric potential. By 
electrifying PM by the discharge part 30, PM is attracted to 
the surface of the conductive material 7 for trapping. In 
purification of a gaseous pollutant (NOx) f in the discharge part 
30 and the dust collection part 70 carrying a catalyst, radical 
and active gas generated from the discharge part 30 are 
brought into contact with exhaust gas for purification. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the exhaust emission control device of the internal combustion engine characterized by 
having the dust collection section by which it is arranged at the upstream of the passage where an internal 
combustion engine's exhaust gas flows, and is arranged in said passage of the downstream of the discharge 
section which generates the plasma, and said discharge section, and at least a part is constituted from a 
conductor, fixing said conductor to predetermined potential, and catching the particulate matter in said 
exhaust gas. 

[Claim 2] Said dust collection section is the exhaust emission control device of the internal combustion 
engine according to claim 1 characterized by having been constituted by the plane and having been 
arranged at the flow of exhaust gas, and parallel. 

[Claim 3] Said dust collection section is the exhaust emission control device of an internal combustion 
engine given in any 1 term of claim 1 characterized by supporting a catalyst thru/or claim 2. 
[Claim 4] The 1st and 2nd insulating substrate which carried out opposite arrangement across the passage 
where an internal combustion engine's exhaust gas flows, By having the discharge section which consists of 
the 1st and 2nd electrode arranged in said 1st and 2nd insulating substrate, respectively, and generating the 
plasma in said passage by said discharge section In the exhaust emission control device of the internal 
combustion engine which purifies exhaust gas, it is arranged in said passage of the downstream of said 
discharge section. It has the dust collection section of structure which has the space of the shape of two or 
more clearance while at least a part consists of conductors. And said conductor The exhaust emission 
control device of the internal combustion engine characterized by being fixed to predetermined potential 
with scissors rare ** by said 1st and 2nd insulating substrate, and catching the particulate matter in said 
exhaust gas. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the exhaust emission control device from which the 
particulate matter and the gaseous pollutant which are especially contained in exhaust gas, such as a diesel 
power plant, are disassembled and removed about the exhaust emission control device which promotes the 
purification reaction of exhaust gas using discharge. 
[0002] 

[Description of the Prior Art] In exhaust gas, such as a diesel power plant, the harmful matter which 
consists of gaseous pollutants, such as particulate matter (PM:Particulate Matter) which uses carbon as a 
principal component, and nitrogen oxides (henceforth referred to as NOx), is contained. The exhaust air 
purification technique of the internal combustion engine which removes the harmful matter in this exhaust 
gas (PM, NOx, etc.) in the source of discharge is studied. This technique is arranging the electrode 101 of a 
pair connected with the alternating current high voltage power supply 100, and the dust collection section 
(porosity filter layer) 103 which consisted of derivatives among 102, as shown in JP,9-329015,A (refer to 
drawing 1 1 ). Moreover, discharge space 104 and 105 is respectively formed between each electrodes 101 
and 102 and the dust collection section 103. 

[0003] And after making one discharge space 104 pass a sink and the dust collection section 103 for 
processing-object gas 106, processing termination gas 107 is made to discharge through the discharge 
space 105 of another side. In case processing-object gas 106 passes this dust collection section 103, after 
PM is caught in the dust collection section 103 interior, it reacts with the plasma generated by discharge, is 
changed into a carbon dioxide, and is removed from the dust collection section 103. Moreover, passing the 
dust collection section 103, gaseous pollutants, such as NOx, raise a probability of collision with the 
plasma generated by discharge, and are purified. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since the exhaust emission control device currently 
indicated by JP,9-329015,A is the configuration of forming the dust collection section 103 and discharge 
space 104 and 105 between the electrode 101 of a pair, and 102, the distance between an electrode 101 and 
102 becomes large. When distance between this electrode 101 and 102 is enlarged, there is a problem to 
which demand applied voltage (electrical potential difference which can generate discharge) becomes high, 
and discharge becomes difficult. Furthermore, the dust collection section 103 consisted of porosity filter 
layers which are derivatives, it is caught so that PM may be hooked on the pore of the dust collection 
section 103 interior, and PM of a particle which is not caught in this pore has the problem which cannot be 
caught. 

[0005] The purpose of this invention is to offer the exhaust emission control device of the internal 
combustion engine which can raise the purification effectiveness of the exhaust gas in the dust collection 
section while stabilizing discharge in view of the above-mentioned point. 
[0006] 

[Means for Solving the Problem] In order to solve the technical problem mentioned above, according to the 
exhaust emission control device of the internal combustion engine of this invention according to claim 1 , it 
considered as the configuration which divides the discharge section and the dust collection section into the 
upstream and the downstream of the passage where exhaust gas flows, and arranges them. In the 
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configuration of this exhaust elusion control device, while the plasma frcHrthe discharge section arranged 
to the upstream and gaseous pollutants, such as PM in exhaust gas and NOx, collide, passing the dust 
collection section arranged to the downstream, a probability of collision with a radical, activated gas, etc. 
which are further generated by the plasma is raised, and it is purified. PM which especially particulate 
matter (PM) reacted with the plasma in the discharge section since the conductor of the dust collection 
section was being fixed to predetermined potential, and was charged sticks to a conductor. Even if it was 
minute particulate matter (PM), after being caught by this, it reacts with the plasma generated in the 
discharge section, is changed into a carbon dioxide, and is removed from the dust collection section. 
[0007] Moreover, like before, about the dust collection section, since it is not a **** configuration, an 
inter-electrode distance does not become large inter-electrode [ of the discharge section ]. That is, the 
exhaust emission control device of the internal combustion engine by which does not have the effect on the 
discharge section by the dust collection section being arranged, and discharge in the discharge section is 
stabilized can be offered. 

[0008] According to claim 2 of this invention, by passing through the space of the shape of two or more 
clearance where exhaust gas was formed in the dust collection section, particulate matter (PM) is made to 
stick to the front face of the dust collection section, and is caught. And after making the plasma from this 
caught particulate matter (PM) and discharge section react and changing into a carbon dioxide, it removes 
from the dust collection section. 

[0009] According to claim 2 of this invention, it is effective in reducing the pressure-loss resistance at the 
time of exhaust gas passing the dust collection section by constituting the dust collection section in a plane 
and arranging to the flow of exhaust gas, and parallel. 

[0010] According to claim 3 of this invention, it is effective in making gaseous pollutants, such as nitrogen 
oxides (henceforth referred to as NOx), purify in the dust collection section by supporting the dust 
collection section with a catalyst. 

[001 1] According to claim 4 of this invention, it considered as the configuration which equips with the 
discharge section the upstream of the 1 st and 2nd insulating substrate which carried out opposite 
arrangement across the passage where exhaust gas flows in addition to claim 1 and effectiveness according 
to claim 3, and equips the downstream with the dust collection section. That is, while being held between 
the 1st and 2nd insulating substrate which the conductor which constitutes a part of dust collection section 
counters, passage between the 1st and 2nd insulating substrate was used as the exhaust emission control 
device of a configuration of leading the radical generated by the plasma from the discharge section of the 
upstream, activated gas, etc. to the conductor side of the dust collection section. Thus, while the 1st and 
2nd insulating substrate constitutes an exhaust gas path, since the function to hold the dust collection 
section by **** was given, the exhaust emission control device itself can be constituted in a compact. 
[0012] 

[Embodiment of the Invention] Hereafter, the exhaust emission control device of the internal combustion 
engine which is 1 operation gestalt of this invention is explained to a detail with reference to a drawing. In 
addition, as shown in drawing 1 , an exhaust emission control device 1 is constituted by the plasma 
generator 2 containing the discharge section 30 mentioned later and the dust collection section 70, and the 
high voltage power supply generating section 4 which impresses the alternating current high voltage of a 
RF to the electrode 3 of the discharge section 30 in this plasma generator 2. And as shown in drawing 7 , 
the plasma generator 2 is arranged in the middle of the exhaust pipe 51 of the engine 50 which is an 
internal combustion engine. 

[0013] Next, the configuration of the plasma generator 2 is explained using drawing 3 from drawing 1 . 
Drawing 1 is the outline block diagram of the plasma generator 2 of 1 operation gestalt of this invention. 
Drawing 2 is the detail drawing showing the insulating substrate 5 in drawin g 1 , and the top view (b) of (a) 
is a side elevation. Drawing 3 is an outline block diagram along the A- A line cross section of the plasma 
generator shown in drawing 1 . 

[0014] The plasma generator 2 consists of the discharge section 30 and the dust collection section 70. In 
this equipment 2, two or more insulating substrates 5 are arranged in parallel at intervals of predetermined, 
and the flat passage 6 through which exhaust gas passes between each insulating substrate 5 is formed. 
Each insulating substrate 5 is formed with heat-resistant insulators (for example, ceramics, such as an 
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alumina, or glass etc.) with th^Klectric which discharge tends to produc^B each insulating substrate 5, 
the electrode 3 for discharge formed with the printed conductor or the electric conduction plate, 
respectively is embedded. 

[0015] The electrode 3 for these discharge is arranged at the upstream of the passage 6 where exhaust gas 
flows. That is, two or more electrodes 3 in each insulating substrate 5 which countered by **** are 
embedded in passage 6 only in each insulating substrate 5 of the upstream of the passage 6 where exhaust 
gas flows. And the electrode 3 and the high voltage power supply generating section 4 of these plurality are 
connected through connection terminal 3a, and the discharge section 30 which the alternating current high 
voltage of a RF is impressed [ section ] and generates the plasma is constituted. 

[0016] Moreover, the dust collection section 70 is arranged at the downstream of the discharge section 30. 
That is, it considered as the configuration which divides the above-mentioned discharge section 30 and the 
dust collection section 70 into the upstream and the downstream of the passage 6 where exhaust gas flows, 
and arranges them. The conductor 7 which carries out the main configuration of this dust collection section 
70 is being fixed to ground potential (touch-down) as predetermined potential with scissors rare ** by each 
insulating substrate 5 extended from the discharge section 30. And as a conductor 7 shows transverse-plane 
passage structure to dr awin g 4 , it is the structure of having the space of the shape of two or more clearance 
through which exhaust gas passes, and a transverse plane is a mesh-like using stainless steel in this 
example, and the appearance is formed in cube structure. 

[0017] Thus, since the dust collection section 70 of a configuration of having mentioned above is not a 
**** configuration about the dust collection section 70 between the electrodes 3 of the discharge section 
30, the distance L between electrodes 3 (it illustrates in drawing 3 ) does not become large. That is, if the 
distance between electrodes 3 becomes large, demand applied voltage (electrical potential difference which 
can generate discharge) will become high, discharge will become difficult, but since the dust collection 
section 70 divides and is arranged, a setup to arbitration is attained in the distance between electrodes 3. 
Therefore, the inter-electrode distance by which discharge in the discharge section is stabilized can be set 
up, and the plasma generator 2 by which discharge was stabilized can be constituted. 
[0018] Moreover, since the conductor 7 is being fixed to ground potential while having the space of the 
shape of two or more clearance through which exhaust gas passes, the dust collection section 70 makes the 
particulate matter (PM) charged by discharge stick to the front face of a conductor 7, and promotes 
prehension. 

[0019] PM shows the process in which the front face of the conductor 7 of the dust collection section 70 is 
adsorbed to drawing 5 . Drawing 5 is the explanatory view showing the principle of dust collection 
actuation of the dust collection section 70 of drawin g 1 and the plasma generator 2 shown in 3. As shown 
in drawing 5 , PM is charged in response to the time of passing the discharge section 30 with the plasma, 
and will be in the potential level condition of plus or minus. And PM from which potential level changed to 
the potential level of plus or minus to the conductor 7 of a zero state by being fixed to ground potential 
adsorbs. And after PM caught with the conductor 7 making it react with a radical, activated gas, etc. from 
the discharge section 30 which are generated and changing it into a carbon dioxide, stopping at a conductor 
7, it is removed from a conductor 7. In addition, the detail of the reaction from which PM is changed into a 
carbon dioxide is mentioned later. 

[0020] Thus, by impressing the alternating current high voltage of a RF to the discharge section 30, and 
carrying out PM electrification, even if it is PM of a particle, it can catch in the dust collection section 70. 
The prehension effectiveness can catch from PM of a particle to large PM, as are shown in drawing 6 , and 
shown in the continuous line of (b) in drawing 6 by energizing in the discharge section 30 as compared 
with the case (broken line of (**) in drawing 6 ) where it does not energize in the discharge section 30. 
[0021] The plasma generator 2 of a configuration of having mentioned above can lead a radical, activated 
gas, etc. which hold the distance between the insulating substrates 5 by which opposite arrangement was 
carried out by **** in the emission way 6 at convention spacing, and are generated from the discharge 
section 30 of the upstream through passage 6 to a conductor 7 in the dust collection section 70. Thus, while 
the insulating substrate 5 made to counter constitutes an exhaust gas path, since the function to hold the 
dust collection section 70 by **** was given, exhaust-emission-control-device 1 the very thing can be 
constituted in a compact. 
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[0022] An operation of the e: 




;t emission control device 1 constituted 




tentioned above is explained 



below. An engine 50 starts and the high-pressure alternating voltage of a RF is impressed to two or more 
electrodes 3 which counter across each passage 6 from the high voltage power supply generator 4 in the 
discharge section 30 in the condition that the exhaust gas containing injurious ingredients, such as gaseous 
pollutants, such as NOx, and particulate matter (PM), is led to the plasma generator 2 through an exhaust 
pipe 51. 

[0023] When the high-pressure alternating voltage of this RF is impressed to an electrode 3 and discharge 
occurs between electrodes 3, the oxygen molecule in exhaust gas and the acceleration electron e by 
discharge react, and O radical (O*) is generated. And this O radical (O*) and the nitrogen monoxide in 
exhaust gas (NO) join together, and a nitrogen dioxide (N02) is generated. 

[0024] Here, purification of the particulate matter in the exhaust gas which is an injurious ingredient (PM) 
is divided roughly into the soot (SOOT) which uses carbon (C) as a principal component, and the non- 
burned body (S. O.F.) which uses a hydrocarbon (HC) as a principal component. It reacts, as it is indicated 
in a degree type as this carbon (C) and a hydrocarbon (HC), and the nitrogen dioxide (N02) generated by 
discharge. In the case of soot (SOOT), it is set to C+N02 ->C02+NO, and, in the case of the non-burned 
body (S. O.F.), reacts like HON02 ->C02+H2 O+NO. In addition, particulate matter (PM) and the 
nitrogen dioxide (N02) generated by discharge react also under a low-temperature environment. 
[0025] Next, in purification of the nitrogen oxides (NOx) of the gaseous contaminant in the exhaust gas 
which is an injurious ingredient, passing through the both sides of the dust collection section 70 which 
supported the discharge section 30 and a catalyst, as shown in a degree type, a reduction reaction is carried 
out, and a gaseous contaminant (NOx) and O radical (O*) generated by discharge serve as harmless gas 
(C02, N2) and water, and is discharged. 

[0026] Nitrogen oxides (NOx) are conjugated compounds of a nitrogen dioxide (N02) and a nitrogen 
monoxide (NO), oxidize a nitrogen monoxide (NO) to a nitrogen dioxide (N02) by discharge, and are 
promoting purification of exhaust gas. Moreover, the hydrocarbon (HC) which is a reducing agent is 
contained in exhaust gas as a non-burned component. Then, in the case of a nitrogen dioxide (N02), it is 
set to N02+HC->N2+C02+H20, and it is purified. 

[0027] Thus, while stabilizing discharge in the discharge section 30 by having considered as the 
configuration which divides the discharge section 30 of an exhaust emission control device 1, and the dust- 
collection section 70 which supported the catalyst in the direction in which an emission way flows, and 
arranges it, the exhaust emission control device 1 of the internal combustion engine which the collision 
(contact) probability of the plasma and the exhaust-gas component which were generated in the discharge 
section 30 is raised, and can raise PM and the purification effectiveness of NOx can offer. 
[0028] (Modification) Plasma generator 2A which is the modification of this invention is shown in drawing 
8 . Drawing 8 is the outline block diagram showing the cross section of the plasma generator which is the 
modification of this invention. The same sign is substantially given to the same component part with the 
plasma generator 2 of 1 operation gestalt shown in drawing 3 from drawin g 1 , and explanation is omitted. 
While plasma generator 2 A shown in drawing 8 constitutes the conductor 17 of the dust collection section 
70 from the electric conduction plate or conductive layer prolonged in the shape of a plate to the plasma 
generator 2 shown in drawing 3 from drawin g 1 , the points which have arranged this conductor 17 to the 
flow of exhaust gas and parallel differ. 

[0029] It is effective in reducing the pressure-loss resistance at the time of exhaust gas passing the dust 
collection section 70 by the configuration of this conductor 17. 

[0030] In addition, although the insulating substrate 5 which carries out the interior of the discharge section 
30 was made to extend in operation of this invention and **** constituted the conductors 7 and 17 of the 
discharge section 70 from this extended insulating substrate 5 What is necessary is just to lose the effect on 
the discharge section 30 by dividing the discharge section 30 and the dust collection section 70 into the 
upstream and the downstream of the passage 6 where exhaust gas flows, arranging them, and the dust 
collection section 70 being arranged, and the arrangement configuration of the insulating substrate 5 and 
the dust collection section conductors 7 and 17 which carry out the interior of the discharge section 30 may 
be carried out with another object. Moreover, the conductors 7 and 17 at the time of this another object 
configuration may be constituted in two or more layers, and it is unified and they may consist of simple 
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substances. 

[003 1] Moreover, the mesh front face of the conductor 7 made from stainless steel made [ the shape of a 
mesh ] to carry out a cube configuration may be made to support a catalyst in operation of this invention. 
This catalyst to support chooses the selection reduction catalyst which divides NOx into N2 and 02 by 
reducibility components in exhaust gas, such as HC, CO, and H2, the three-way catalyst which processes 
three injurious ingredients, HC, CO, and NOx, to coincidence, and which catalyst of an oxidation catalyst, 
or is used combining two or more catalysts. Thus, it is effective in making the cleaning effect of the 
nitrogen oxides (NOx etc.) of a gaseous contaminant promote by making the dust collection section 70 
support a catalyst. 

[0032] Furthermore, in operation of this invention, it may replace with the conductor 7 made from stainless 
steel, and conductor 7A shown in drawing 9 may be used. This conductor 7A consists of a porous body (it 
constitutes from ceramics, such as an alumina, or glass), is carrying out metal plating to this porous body 
front face, and constitutes the conductor with conductivity. 

[0033] Furthermore, as shown in drawi ng 10 in operation of this invention, it is good also as a 
configuration of the exhaust emission control device 2 arranged combining the plasma generator 2 and 
catalyst equipment 52. Even when there is a gaseous contaminant which this catalyst equipment 52 is 
arranged on the exhaust gas lower stream of a river of the plasma generator 2, and passes the plasma 
generator 2, catalyst equipment 52 can purify this passed gaseous contaminant. 



[Translation done.] 
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[Drawing 2] 
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[Drawing 5] 
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[Drawing 9] 
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[Drawing 8] 
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